With the aid of immunohistochemical methods the localization of the various isoenzymes of glutathione S-transferase was investigated. The a isoenzyme was present solely in the proximal tubular cells of the human kidney, while the it form was restricted to the distal convoluted tubules, the thin loop of Henle, and the collecting ducts. Damage to the epithelial cell membranes results in the increased excretion of these enzymes with the urine. The cx and t isoenzymes have been isolated in a highly purified form and used for the production of polyclonal antisera. Subsequently, radioimmunological and ELISA techniques were developed for quantitation of these proteins in the urine; the methods exhibited a high specificity and were sufficiently sensitive to determine nanogram quantities or less. Disease affecting tubular function, cyclosporine A treatment, administration of nephrotoxic antibiotics, and exposure to cadmium all resulted in characteristic changes in the pattern of the glutathione transferase isoenzymes present in urine. Such effects were seen also in patients who had previously been exposed to nephrotoxic agents, but in whom conventional tests for kidney function were apparently normal. Thus, it appears that radioimmunologic or immunochemical quantitation of a and ic forms of the enzyme can be used as sensitive and relatively simple markers for the early detection of toxic effects with respect to the renal tubuli. Environ Health Perspect 102(Suppl 3): 293-296 (1994).
Introduction
In several organs-mainly heart and -liver-cell damage is followed by release of~~*7 a number of cytoplasmic enzymes to the blood, a phenomenon that provides the basis for clinical diagnosis of heart and liver 1 
Stability
Samples kept in the refrigerator at 40 C for 5 days showed no significant decrease in enzyme content ( Figure 4A ). Storage at room temperature resulted in a gradual decrease, but after 5 days 35% of the original amount could still be detected. As seen in Figure 4B , stability at room temperature is not appre- ciably affected by pH in the range 5.3 to 8.5. The a GST exhibited similar stability characteristics.
Drug Nephrotoxicity
The utility of GST isoenzymes as markers for kidney damage was initially studied in patients who had undergone kidney transplantation. In normal healthy adults about 6 ng/ml of the it protein is found in the urine, whereas the amount of the a enzyme is hardly measurable ( Table 2 ). Rejection after transplantation greatly increased the excretion of 7t enzyme in the urine without affecting the levels of the a protein.
The drug Cyclosporine A (CsA), used as immunosuppressive agent in association with renal transplantation, as well as several aminoglycoside antibiotics are known to aMean values (n= 11-49).
induce tubular damage (7). Upon treatment with CsA, considerable amounts of ax-GST are found in the urine, while i-GST remains unaffected. As expected, renal infarction, which destroys various types of kidney tissue, results in a more than 100-fold increase of both enzymes in the urine. Figure 5 shows the levels of a-GST in a patient treated with the aminoglycoside Netilmycin. After treatment for 5 days, the enzyme concentration in the urine was increased 15-fold. However, no changes in the serum creatinine level could be observed.
Heavy Metal Nephrotoxicity
Preliminary studies of cohorts of workers exposed to nephrotoxic heavy metals have indicated that quantitation of GST proteins in the urine constitute a valuable diagnostic tool. In Figure 6 the t-GST levels have been recorded in 15 accumulator workers who had been exposed to cadmium by inhalation 5 to 10 years previously, and who at the time of our investigation were diagnosed as clinically healthy using conventional criteria. However, in comparison with the control group, a continued increased excretion of the tubular marker, a-GST, was still evident. Currently, workers in Sweden and Poland with a history of exposure to high levels of lead, cadmium, and mercury are being investigated to characterize the doseresponse relationship for exposure to nephrotoxic heavy metals as well as the resulting changes in the GST isoenzyme pattern in urine.
Discussion
In the case of tubular dysfunction, the measurement of plasma proteins like P-2-microglobulin and the retinol-binding protein (a-2-microglobulin) have so far provided the most sensitive indices of tubular damage. The 
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A Control Cd-exposed N=25 N=15 Figure 6 . a-GST levels in Swedish workers with a 6 to 14 year history of cadmium exposure. Exposure to cadmium ceased 4 to 8 years prior to measurement. When assayed they were clinically diagnosed as healthy. Controls represent age-matched nonexposed individuals.
in whom cadmium exposure had been stopped many years before is consistent with previous observations based on determination of P-2-microglobulin in cadmium exposed workers (8 
